Motivated by quantum nature of gravitating black holes, higher dimensional exact solutions of conformal gravity with an abelian gauge field is obtained. It is shown that the obtained solutions can be interpreted as black holes with interesting geometric properties.
mention that the four dimensional solution of Einstein gravity is a solution of CG as well. In addition, it has been shown that the Einstein solutions can be obtained by considering suitable boundary condition on the metric in CG [15] .
CG can also be introduced in higher dimension (d > 4), straightforwardly [16] . Nevertheless, unlike four dimensional case, CG does not admit Einstein trivial solutions in higher dimension.
This nontrivial behavior is due to the fact that in contrast to the four dimensional action, the Kretschmann scalar R αβγδ R αβγδ contributes dynamically in the higher dimensions [17] . Such a nontrivial behavior motivates one to investigate higher dimensional CG black hole solutions.
II. 4−DIMENSIONAL EXACT SOLUTIONS
At the first step, we consider a four dimensional conformal action as
where the Weyl conformal tensor is
Variation of this action with respect to the metric tensor leads to the following equation of
It was shown that [1, 2] the static spherically symmetric solution of conformal gravity in four dimension can be written as
where dΩ 2 is the line element of a 2−sphere, S 2 , and the metric function is
constraint
It is clear that for c 1 = 0, Eq. (5) is not a solution of Einstein gravity, while as long as c 1 = 0, the metric becomes identical to the Schwarzschild-(a)dS solution of Einstein gravity. It is worth mentioning that although Λ plays the role of the cosmological constant, it arises purely as an integration constant and is not put in the action by hand. Such a constant cannot be added to the action of CG because it would introduce a length scale and hence break conformal invariance.
In order to add an action of matter, we should take care its conformal invariance to keep the theory be conformal. Fortunately, the Lagrangian of Maxwell theory is conformal invariant in four dimension and we can add it to the gravitational sector of conformal theory as a matter field.
So we can consider the static charged adS solutions of conformal−U (1) gravity in four dimension.
The appropriate action is
where the unusual sign in front of the Maxwell term comes from the so-called critical gravity, which is necessary to recover the Einstein gravity from conformal gravity in IR limit. The static topological solution is found in [18] the same as Eq. (5) with the following gauge potential one
and a new constraint as
where ε = 1, −1, 0 denotes spherical, hyperbolic, and planar horizons, respectively.
III. HIGHER DIMENSIONAL SOLUTIONS
Here, we are going to generalize the conformal action of U (1)-gauge/gravity coupling in higher dimensions. As we know, the Maxwell action does not enjoy the conformal invariance properties in higher dimensions. So, we should consider a generalization of linear Maxwell action to the case that it respects the invariancy of conformal transformation. To do so, we take into account the power a matter of calculation to show that the power Maxwell action enjoys the conformal invariance, for
. In other words, it is easy to show that as long as s = d/4, the energy momentum tensor of power Maxwell invariant theory is traceless.
Regarding the mentioned issues, we find that the suitable action of higher dimensional conformal U (1)-gauge/gravity action can be written as
Hereafter, we can regard a higher dimensional static spacetime and look for the exact solutions with black hole interpretation. Variation of this action with respect to the metric tensor g µν and the Faraday tensor F µν leads to the following field equations
Since we are looking for topological black hole solutions of mentioned field equations, we express the metric of a d-dimensional spacetime as follows
where k denotes spherical (k = 1), hyperbolic (k = −1), and planar (k = 0) horizons of the (d − 2)-dimensional surface with the following line element
in which dΩ 2 d−2 is the standard metric on a unit (d − 2)-sphere, dΞ 2 d−2 is the metric on an (d − 2)-dimensional hyperbolic plane with unit curvature, and dl 2 d−2 is the flat metric on R d−2 . Using this metric and a radial gauge potential ansatz A µ = −qr (2s−d+1)/(2s−1) δ 0 µ , one can find the nonzero components of the theory as follows 
in which we used d i = d − i for convenience and prime refers to d/dr. Solving Eqs. (15)- (17), and keeping in mind that s = d/4, we can obtain the following metric function
where C 1 and C 2 are two integration constants, and
constant. Interestingly, we see that although the field equations are too complicated, the solutions are quite simple. It is noticeable to mention that by setting d = 4 and β = −2/3 in (10), this action will reduce to (7) . As a result, the metric function (18) will change accordingly to
Now, by considering k = c 0 , −C 1 = d, q 2 / (3C 1 ) = c 1 , q = Q, and C 2 = −Λ/3, the solution (5) will be recovered and the constraint (9) is still held, as it should be. The metric function versus radial coordinate. Positive C 2 corresponds to asymptotic adS solutions whereas the negative sign belongs to dS ones. In addition, for zero value of this parameter, the asymptotic behavior of these solutions are neither flat nor (a)dS. This is correct until the factor of r in the metric function (18) is a nonzero value.
Having solutions at hand, we are in a position to check that these solutions can be considered as a black hole or not. To do so, we first look for the singularities of the solutions. By calculating the Kretschmann scalar
one can easily find that the metric (13) with the metric function (18) has an essential singularity at the origin (lim r→0 R λτ ρσ R λτ ρσ = ∞). In addition, Fig. 1 shows that this singularity can be covered with an event horizon, and therefore, we can consider the solution as a singular black hole.
IV. CONCLUSIONS
Motivated by the importance of higher dimensional spacetime in high energy physics, we have investigated the conformal-U (1) gauge/gravity black hole solutions in d ≥ 4. Since higher dimensional solutions in CG cannot be produced in the presence of Maxwell field (and also the other electrodynamic fields that are not conformal invariant in higher dimensions), we have used a class of nonlinear electrodynamics (−F µν F µν ) s (which enjoys the conformal invariance properties in higher dimensions as s = d/4) to obtain black hole solutions. In addition, we have seen that the obtained solutions enjoy an essential singularity at the origin and they can be considered as black holes. As the final remark, we should mention that the present paper is not finished yet, and its thermodynamics, stability, phase transition, quasi normal modes, and action growth are under consideration.
